Background: Wee1 kinases delay entry into mitosis by phosphorylating and inactivating cyclin-dependent kinase 1 (Cdk1). Loss of this activity in many systems, including Drosophila, leads to premature mitotic entry. Results: We report here that Drosophila Wee1 (dwee1) mutant embryos show mitotic-spindle defects that include ectopic foci of microtubule organization, formation of multipolar spindles from adjacent centrosome pairs, and promiscuous interactions between neighboring spindles. Furthermore, centrosomes are displaced from the embryo cortex in dwee1 mutants. These defects are not observed to the same extent in embryos in which nuclei also enter mitosis prematurely as a result of a lack of checkpoint control or in embryos with elevated Cdk1 activity. dWee1 physically interacts with members of the γ-tubulin ring complex (γTuRC), and γ-tubulin is phosphorylated in a dwee1-dependent manner in embryo extracts. Conclusions: Some of the abnormalities in dwee1 mutant embryos cannot be explained by premature entry into mitosis or bulk elevation of Cdk1 activity. Instead, dWee1 is also required for phosphorylation of γ-tubulin, centrosome positioning, and mitotic-spindle integrity. We propose a model to account for these requirements.
Introduction
Cyclin-dependent kinases (Cdks) promote cell proliferation by driving the events of the cell-division cycle. Inhibitors of Cdks enforce checkpoints that halt cell cycle events until previous events have been properly completed. One such inhibitory activity is provided by the tyrosine kinase Wee1, which acts in diverse organisms to phosphorylate and inhibit the Cdk that promotes entry into mitosis (Cdk1) [1] [2] [3] [1, 4, 5] . This activity is important for coupling mitotic entry with the completion of interphase events such as DNA replication and cell growth [1, 6, 7] .
Previous studies established that Drosophila wee1, dwee1, is essential for embryogenesis [8] . Embryogenesis in Drosophila begins with 13 nuclear divisions that are driven by maternally supplied products and consist *Correspondence: tin.su@colorado.edu only of S phase and mitosis. These divisions occur in a common cytoplasm called a syncytium [9] . The first nine syncytial nuclear divisions occur in the embryo interior. By cycle 10, nuclei have migrated to the embryo cortex, and the last four syncytial divisions occur in a monolayer beneath the cortex of the embryo ("cortical divisions"). The syncytial divisions are followed by cellularization of the embryo and the events of gastrulation.
Flies that are heterozygous for the strongest extant allele of dwee1, dwee1 ES1 , and for a small chromosomal deletion that removes dwee1 are viable, but embryos derived from such females (to be called "dwee1 mutant embryos" hereafter) do not progress beyond syncytial stages [8] . Thus, a maternal supply of dwee1 gene product is needed to complete syncytial divisions. In dwee1 mutant embryos, nuclei enter mitosis prematurely [7] . A similar phenotype is also caused by mutations in DNA checkpoint genes such as grapes and mei-41 (Drosophila Chk1 and ATR, respectively). It is thought that a gradual depletion of maternally supplied replication factors prolongs genome duplication and that grapes and mei-41 act to delay mitosis, i.e., lengthen interphase, to allow the completion of DNA replication [10] [11] [12] . As such, premature entry into mitosis in grp mutants is thought to occur with incompletely replicated DNA. This situation induces a checkpoint response that inactivates mitotic centrosomes [13, 14] . This checkpoint is also triggered by ionizing-radiationinduced DNA damage and requires the Chk2 kinase. Activation of the checkpoint results in dispersal of centrosomal proteins, such as the γTuRC components, loss of astral microtubules from mitotic spindles, and failure to fully segregate chromosomes [13, 14] . Nuclei exit mitosis nonetheless and enter the next interphase in a polyploid state. Another Chk2-dependent mechanism then causes detachment of nuclei from centrosomes and their removal from the cortical layer.
We reported previously that premature mitotic entry in dwee1 mutants also induces the Chk2-dependent centrosome-inactivation checkpoint. Here, we characterized mitotic-spindle abnormalities in dwee1 mutants in detail and found that not all can be explained by disrupted cell cycle timing or bulk elevation of Cdk1 activity. We also demonstrate that centrosomes and nuclei are displaced from the embryo cortex in dwee1 mutants, that dWee1 forms a complex with components of the γTuRC in vivo, and that γ-tubulin is phosphorylated in a dwee1-dependent manner in embryo extracts. On the basis of these data, we propose that dWee1 has a function in positioning centrosomes and nuclei at the embryo cortex and that loss of this activity leads to mitotic-spindle abnormalities.
Results and Discussion

dwee1-Specific Spindle Phenotypes
We previously reported that dwee1 mutant embryos enter mitosis prematurely and form abnormal mitotic spin- dles [7] . To determine whether premature mitotic entry and consequent centrosome inactivation account for the spindle abnormalities seen, we compared dwee1 mutants, grp mutants, and irradiated wild-type embryos. In all three cases, we saw evidence of centrosome inactivation: diminished astral microtubules and dispersal of both γ-tubulin and Dgrip84 from the centrosome in fixed embryos [7, 13] . Similar results were obtained from analyses of live dwee1 mutant embryos carrying the 17238-GFP transgene, in which GFP is inserted into a gene of unknown function and localizes to microtubules and centrosomes [15] . dwee1 and grp mutant embryos and irradiated wild-type embryos show the loss of GFP signal on astral microtubules and at spindle poles in M12 and M13 [7] (Figures 1A and 1B and data not shown). In addition, all three groups display monopolar spindles, the inability to form a central spindle in M12 and M13, and the failure to fully separate centrosomes during interphase (Table 1) .
Live analysis revealed three additional, previously unreported phenotypes in cycles 12 and 13 of dwee1 mutants ( Figures 1B-1E ): (1) spindles with one to two ectopic microtubule-organizing centers (MTOC) within the single microtubule network (the ectopic sites change location dramatically within the confines of the spindle); (2) promiscuous interactions between adjacent spindles (in these situations, microtubules from one spindle appear to pull on a neighboring spindle); and (3) multipolar spindles that result from centrosome pairs of neighboring nuclei that interact. The last two phenotypes are also seen in fixed embryos (Figures 1F-1H ). The first, however, was not; ectopic MTOC may be too dynamic to be preserved during fixation. Importantly, these three phenotypes were absent in live irradiated wild-type embryos and present only at low frequencies in live grp mutants (Table 1) . We refer to these phenotypes as "dwee1-specific" spindle defects hereafter.
dwee1-Specific Spindle Defects
Are Not Chk2 Dependent Centrosome inactivation in irradiated or grp mutant embryos is dependent on Chk2 function [14] . Therefore, we analyzed dwee1, chk2 double mutants to further assess whether dwee1 spindle defects are caused by in- Figures 1I and 1J) , which are the two dwee1-specific spindle defects discernable in fixed embryos. On the basis of these data and the finding that grp mutants or irradiated embryos do not display dwee1-specific spindle defects to the same extent, we conclude that spindle interactions and multipolar spindles in dwee1 mutants are not due to premature mitotic entry or to induction of chk2-dependent centrosome inactivation.
Increased Cdk1 Activity Does Not Cause dwee1-Specific Spindle Defects
Cdk1 activity is elevated during cortical syncytial cycles in dwee1 mutant embryos [7] , and elevation of Cdk1 activity has been shown previously to affect spindle morphogenesis in precortical syncytial cycles [16, 17] . Therefore, we next addressed the possibility that elevated Cdk1 activity is the cause of dwee1-specific spindle defects. To this end, we analyzed fixed embryos from a fly stock with six copies of cyclin B, six cycB [17] . Previous studies have indicated that increasing cyclin B levels in embryos increases Cdk1 activity [16, 17] . Consistent with these studies, we found that six cycB embryos harbor higher CycB-Cdk1 activity than do wild-type embryos (Figures 2A-2D ). More Cdk1 coprecipitated with cyclin B from six cycB embryos than from wild-type or dwee1 mutant embryos ( Figure  2C , legend), suggesting that this increase in activity is due to the presence of more-active complexes, an idea that is consistent with previous observations that Cdk1 levels are not limiting in embryos [16, 18] . As previously described, six cycB embryos displayed defects such as asynchronous divisions [17] , but dwee1-specific spindle defects were not detected ( Figure 1K ). We conclude that a bulk elevation of Cdk1 activity cannot account for dwee1-specific spindle defects. CycB levels are reproducibly lower in dwee1 embryos than in wild-type embryos. We do not know the reason for this finding, but we nonetheless ruled out the possibility that reduction of CycB levels is the cause of dwee1-specific phenotypes. We did so by analyzing embryos from mothers that are hemizygous for cycB and therefore have lower CycB levels [16, 17] . We found no evidence of spindle interactions or centrosomepositioning changes that resemble those of dwee1 mutant embryos (see Figure S1 in the Supplemental Data available with this article online).
Centrosomes and Nuclei Are Displaced in dwee1 Mutants
The interactions between neighboring centrosomes and spindles in dwee1 mutants are limited to cortical syncytial divisions. These are a subset of syncytial divisions that follow the migration of nuclei to the embryo cortex. During cortical divisions, nuclei and centrosomes closely abut the cortex, and their position is maintained by microtubule-filament-and actin-filamentdependent mechanisms [9] . Specifically, astral microtubules nucleated by the centrosomes are proposed to interact with cortical actin to mediate the attachment of centrosomes, along with their associated nuclei, to the cortex. Physical separation of mitotic spindles in a syncytium is thought to occur by reorganization of F-actin caps into pseudocleavage furrows that surround each dividing nucleus [19] . Pseudocleavage furrows form during prophase and metaphase, retract in anaphase, and are mostly absent in late anaphase and telophase [20] .
We find that pseudocleavage furrows in dwee1 mutants form with normal timing and reach similar depths as in wild-type embryos ( Figure 3A and 3B). Nuclei in dwee1 mutants, however, are positioned beyond the deepest part of the furrows in metaphase ( Figure 3B ). Quantification of centrosome-cortex distance in wildtype embryos and dwee1 mutants in cycle 12 illustrates this phenotype (Figures 3C-3L ). We chose this cycle P incorporation into H1. Data from three independent experiments are shown. Cyclin B associated kinase activity toward H1 is 10-fold higher in precipitates from dwee1 extracts (p < .01) and 14-fold higher in precipitates from six cycB extracts (p < .001) compared to wildtype. Given that associated H1 kinase activity is only 1.5-fold higher in the six cycB sample than in the dwee1 sample, the specific activity of CycB-Cdk1 complexes must be higher in dwee1 mutants than in six cycB embryos. However, because CycB-Cdk1 complexes are about twice as abundant in six cycB extracts as in dwee1 extracts (C), total CycB-Cdk1 activity is likely higher in the former. Each error bar indicates one standard deviation.
because it occurs after completion of cortical nuclear migration but before the onset of the centrosome-inactivation checkpoint, as evidenced by anastral spindles ( Table 1) . Displacement of centrosomes from the cortex is observed in both interphase and mitosis of cycle 12 in dwee1 mutants and is only partially rescued by the chk2 mutation (Figures 3K and 3L) . We suggest that centrosome and nuclear displacement in dwee1 mutants has two underlying components: One is a consequence of the Chk2-mediated checkpoint, and the other is a more direct result of loss of dwee1. That is, dwee1 is required to promote centrosome-cortex interaction, which is thought to be dependent on centrosomal microtubules and cortical actin. The displacement of centrosomes from the cortex in dwee1 mutants could distance mitotic spindles from the protection of pseudocleavage furrows in prophase and metaphase, thereby allowing interactions between adjacent spindles. six cycB embryos show normal localization of nuclei and centrosomes, suggesting that bulk elevation of Cdk1 activity in dwee1 mutants cannot account for the cortical detachment of centrosomes. Additionally, spindle interactions in dwee1 mutants also initiate when pseudocleavage furrows are normally absent (anaphase and telophase) ( Figure 1E ). Therefore, a furrowindependent mechanism may operate to keep spindles apart in anaphase and telophase in a dwee1-dependent fashion.
dWee1 Copurifies with ␥TuRC Components and Is Required for ␥-Tubulin Phosphorylation
To further address the requirement for dWee1 in centrosome and spindle function, we purified dWee1-containing protein complexes and identified dWee1-interacting proteins by mass spectrometry. The heat-inducible HAdWee1 transgene used as a source of dWee1 was shown previously to partially rescue dwee1 mutant embryos when expressed in the mothers, indicating that the product is functional [8] . HA-dWee1 was induced in embryos, purified on an anti-HA antibody column, and eluted with a HA-dipeptide. Analysis of eluates by SDS-PAGE and mass spectrometry identified peptides that matched dWee1 and Drosophila γ-tubulin ring proteins (Dgrips) 163, 128, 91, 84, and 71 (Figure 4A) . The identities of Dgrip84, Dgrip91, and HA-dWee1 were confirmed by Western blotting (Figure 4B ). Note that we did not detect γ-tubulin in the HA-dWee1 eluates (Figure 4A) because a strong background band in the 50 kDa range (the MW of γ-tubulin), likely the IgG heavy chain, prevented us from analyzing that region of the gel.
Because the above experiments were performed with overexpressed, tagged dWee1, we needed to ensure that endogenous dWee1 interacts with γTuRC. We were able to detect Dgrip91 and γ-tubulin readily in immunoprecipitates by using an antibody against dWee1 (Figure 4C ). We were, however, unable to detect dWee1 in immunoprecipitates by using an antibody against γ-tubulin or Dgrip91. This may be because we can at best precipitate approximately 5% of total protein present with each antibody (data not shown). The presence of γ-tubulin, a structural component of the cytoskeleton, at a higher concentration than dWee1, a regulatory kinase, is a likely scenario, and it could explain why we do not see dWee1 in immunoprecipitates of γ-tubulin.
To determine whether dWee1, a kinase, influences the phosphorylation status of proteins it binds to, we examined γ-tubulin, which is known to be phosphorylated in budding yeast [21] . Two-dimensional (2D) gel electrophoresis followed by Western blotting revealed that Drosophila γ-tubulin separated as a series of five spots in the first dimension ( Figure 5A) . Two of the more acidic isoforms are phosphatase sensitive, suggesting that Drosophila γ-tubulin is a phosphoprotein ( Figure  5A ). The phosphatase-sensitive acidic forms are absent Given that interphase is truncated in dwee1 mutants, we addressed the possibility that loss of γ-tubulin phosphorylation is a consequence of changes in cell cycle profile. However, extracts from grp mutant embryos that exhibit truncated interphases retained the phosphatase-sensitive γ-tubulin isoforms ( Figure 5B) . We conclude that interphase shortening does not lead to loss of γ-tubulin phosphorylation and that dwee1 is required for γ-tubulin phosphorylation in vivo. Despite testing a range of conditions, we have not been able to phosphorylate γ-tubulin with recombinant dWee1 in vitro, although GST-dWee1 readily autophosphorylates and phosphorylates Cdk1 in our assays [7] . Either dWee1 regulates γ-tubulin phosphorylation indirectly or γ-tubulin phosphorylation by dWee1 requires a cofactor.
The known role of Wee1 homologs in cell cycle regulation is accomplished through a single substrate, Cdk1. Elevation of bulk Cdk1 activity in an otherwise wild-type background, however, did not produce dwee1-specific phenotypes. Therefore, if dWee1 influences spindle organization or positioning via Cdk1, it would have to regulate Cdk1 locally, at the embryo cortex for example. The attachment of centrosomes to the cortex is mediated by microtubules. In the absence of dWee1, Cdk1 activity would be higher locally, i.e., between the centrosome and the cortex, and could inhibit microtubule growth in this region, leading to the displacement of centrosomes. This idea is consistent with observations that increased Cdk1 activity destabilizes microtubules during nuclear migration in Drosophila embryos [16] . In six cycB embryos, dWee1 could still inhibit Cdk1 locally to allow normal nuclear and spindle positioning. This possibility can be addressed with a Cdk1 mutant that cannot be phosphorylated by dwee1 and should mimic the loss of dwee1. We have attempted to introduce into syncytial embryos (which are prezygotic transcription) such a mutant in which Y14 and T15 have been altered, Cdk1AF, by expressing it in females. Unfortunately, females fail to lay eggs after induction of Cdk1AF, suggesting disruption of oogen-esis and precluding further analysis (J.S., D.R.K., K.K., and T.T.S., unpublished data).
An alternate approach to introduction of Cdk1AF is to induce dWee1-antagonizing phosphatases, Cdc25 string and Cdc25 twine , in embryos. Indeed, such experiments have been described before [22] . Increasing the maternal Cdc25 gene dose by up to 4-fold in various combinations of the two Drosophila Cdc25 homologs produced increased mRNA and protein in embryos and led to an extra syncytial nuclear division before cellularization. This division and preceding syncytial divisions, however, were normal in examination of both fixed and live embryos. No mitotic abnormalities, which are readily apparent throughout dwee1 mutant embryos, were seen in embryos with elevated Cdc25. This is consistent with our observation that bulk elevation of Cdk1 activity does not produce dwee1-specific phenotypes. Instead, localized regulation of Cdk1 by dWee1, which would still be present in embryos harboring extra Cdc25, could explain the apparently normal divisions in these embryos.
Another explanation for spindle phenotypes in dwee1 mutants is suggested by our finding that dWee1 shows physical interaction with components of the γTuRC and that dwee1 influences the phosphorylation status of γ-tubulin in vivo. In this model, dWee1 promotes the phosphorylation of γ-tubulin, either directly or indirectly. In dwee1 mutants, loss of γ-tubulin phosphorylation could compromise microtubule-dependent attachments between centrosomes and the cortex. A test of this model will require identification and mutation of dwee1-dependent phosphoacceptor residues in γ-tubulin. Interestingly, the budding-yeast γ-tubulin homolog, Tub4p, is phosphorylated on a tyrosine residue during G1, but the responsible kinase is yet to be identified [21] . A phosphomimetic mutation of Tub4p affects the number and organization of microtubules and causes transient nuclear-positioning abnormalities [21] . Thus, it is possible that in both yeast and in fly, the phosphorylation status of γ-tubulin plays a role in centrosome and nuclear positioning via interactions with the cortex.
At present, we cannot distinguish between the two above explanations for dwee1 phenotypes; the explanations are not mutually exclusive. Neither, however, is predicted by previous models that describe how Wee1 homologs act to regulate entry into mitosis. Human Wee1, for example, resides in the nucleus during interphase and is proposed to prevent nuclear accumulation of Cdk1 activity and nuclear-envelope breakdown, an initiating event in mitosis. Such models can explain Wee1's role in regulating when mitosis occurs, but our results indicate that Wee1 can also regulate where (relative to the cortex) mitosis occurs.
The first 11 nuclear divisions proceed normally in dwee1 mutants. Therefore, dwee1-dependent regulation of spindle organization or positioning is not essential for mitosis per se. In cycle 12, nuclei are at the cortex and at twice the density (i.e., closer together) compared to those in cycle 11. We reason that manifestation of dwee1-specific spindle interactions in later cortical cycles is a consequence of increasing nuclear density with each cycle that brings neighboring spindles closer together. In such a situation, protection offered by actin furrows may be essential to keep spin- We do not know whether dwee1 also plays a role in spindle morphogenesis and centrosome positioning in cell cycles beyond cortical syncytial cycles. We do know, however, that dwee1 is needed to ensure fidelity of cell division in larvae; larval neuroblasts in dwee1 mutants show elevated mitotic index and ploidy [7] . It would be interesting to determine the basis for this requirement and whether dwee1 has a role in the positioning of the spindle in cell divisions where a specific cortical attachment of the spindle is required, such as in the asymmetric cell divisions of neuroblast lineages.
Conclusions
We present several lines of data that collectively suggest a requirement for dWee1 in centrosome function and spindle morphogenesis. Importantly, these roles translate into a requirement for dWee1 in not only temporal but also spatial regulation of mitosis. We offer two mechanistic models, which are not mutually exclusive, to account for these results: localized regulation of Cdk1 by dWee1 and phosphoregulation of γTuRC. Further analysis will be needed to test these models, but it is clear that the requirement for dWee1 cannot be explained by simple regulation of bulk Cdk1 activity. In this regard, Wee1 homologs may be likened to other kinases, such as Plk and Aurora B, that have multiple roles in mitosis through multiple substrates. Localized activity of master regulatory kinases such as these is likely to coordinate many distinct cell-division eventssuch as spindle movements, chromosome segregation, and cytokinesis-to allow faithful segregation of genetic information into daughter cells. [14] . grp, chk2, dwee1, and dwee1, chk2 double mutants were balanced over a CyO balancer carrying the actin-gfp transgene; homozygous mutants were identified by the lack of a GFP signal or curly wings. 17238-GFP, six cycB, and HA-dWee1 transgenic stocks have been described before [ 8, 15, 17, 25] . 17238-GFP transgenes were expressed constitutively, whereas HA-dWee1 is expressed from a heat-inducible hsp70 promoter. Fly stocks carrying dwee1 or grp mutations and 17238-GFP transgenes were constructed with standard Drosophila genetics.
Experimental Procedures Stocks
Immunofluorescence
Fixation and antibody staining of syncytial blastoderm embryos to visualize microtubules and centrosomes was carried out as previously described [7] . To visualize F-actin, we fixed embryos as described by Foe [20] 
Time-Lapse Confocal Microscopy
Embryos derived from strains expressing 17238-GFP were analyzed by time-lapse confocal microscopy with a Leica DMRXA microscope equipped with a spinning-disk confocal laser system (Perkin Elmer) and CCD camera (Hamamatsu) as previously described [7] . To induce DNA damage, we identified embryos in interphase of cycle 11 under the microscope, removed them from the microscope, and irradiated them while they were still on coverslips at 2.2 rads/s in a TOR-REX120D X-ray generator (Astrophysics Research) set at 5 mA and 115 kV. For 17238-GFP detection, stacks of 12 to 15 images at 1.0 micron distance in the z direction were captured every 30 or 60 s at 250 ms exposures. We find that relying on collapsed images can give false indication of microtubules being shared by neighboring spindles; analysis in 3D by inspection of individual z sections was essential.
H1 Kinase Assays
Kinase assays were performed on extracts from 1-2-hr-old embryos as previously described [7] . Blots were stained with Ponceau-S (Sigma) to determine total histone H1 levels.
32
P incorporation was detected by a Phosphorimager (Molecular Dynamics). 32 P signal was quantified by liquid scintillation counting of excised, Ponceau-S-stained H1 bands.
Heat-Shock Expression of HA-dWee1
Flies homozygous for the hs HA-dWee1 transgene were subjected to heat shock at 37°C for 1 hr. Embryos were collected for 10 hr after heat shock. Embryos were then heat-shocked for an additional hour at 37°C. Embryos were dechorionated in 50% bleach, frozen in liquid nitrogen, and stored at −80°C. For negative controls, wild-type embryos were colleted for 8 hr, dechorionated, and frozen similarly.
Affinity Purification of HA-dWee1
Fifteen grams each of frozen 1-10 hr embryos from hs HA-dWee1 flies and 0-8 hr embryos from wild-type flies were ground to a powder under liquid nitrogen in a Krupp's coffee grinder as described [29] . Embryo powder was placed in a glass beaker that was previously frozen in liquid nitrogen and allowed to warm at room temperature until the powder started to thaw. Twenty-five milliliters of room-temperature extract buffer (50 mM Hepes-KOH [pH 7.6], 100 mM β-glycerolphosphate, 50 mM NaF, 1 mM MgCl2, 1 mM EGTA, 5% glycerol, 0.25% Tween-20, and 2 mM PMSF) was then added, and the powder was immediately stirred with a spatula to resuspend it. Embryo powder was further dissolved by stirring with a stir bar for 10 min at 4°C. Next, extracts were spun at 10,000 × g for 10 min and 100,000 × g for 1 hr at 4°C. The following steps were carried out in a 4°C cold room unless otherwise noted. Extract was added to 0.45 ml of protein A beads (BioRad) bound to 0.45 mg of rabbit polyclonal anti-HA antibody [29] in 15 ml tubes and incubated for 3 hr. Beads were washed twice in 15 ml wash buffer (25 mM NaF, 0.15% Tween 20, 200 g/ml BSA) and transferred to BioSpin chromatography columns (BioRad). Columns were washed with 5 ml of wash buffer without BSA. Four elutions were performed at room temperature by adding 250 l elution buffer (50 mM Hepes-KOH [pH 7.6], 100 mM β-glycerolphosphate, 1 mM MgCl2, 1 mM EGTA, 5% glycerol, 25 mM NaF, 0.01% Tween-20 and 0.46 mg/ml HA dipeptide). The first elution was discarded and the next three elutions were pooled. Proteins were precipitated by the addition of trichloroacetic acid to 10% final volume. Precipitate was resuspended in 1× SDS-sample buffer (65 mM Tris-HCl [pH 6.8], 3% SDS, 10% glycerol, bromophenol blue, and 5% β-mercaptoethanol). Samples were boiled for 5 min and run on 12% SDS-PAGE gels. Gels were stained with Coomassie blue (BioRad) according to the manufacturer's instructions and destained overnight in 25% MeOH and 7% acetic acid. Coomassie-stained bands specific to the HA-dWee1 eluate along with gel slices of corresponding molecular weight from the wild-type control lane were excised with a razor blade and stored in eppendorf tubes at −80°C until trypsin digestion was performed.
In-Gel Trypsin Digestion
All steps were performed at room temperature unless otherwise noted. Proteins that were from excised bands and specific to HAdWee1-expressing embryos and the corresponding MW bands from wild-type controls were rocked for 30 min at 60°C in 150 l reduction solution (45 mM DTT, 100 mM ammonium bicarbonate) in .65 l eppendorf tubes and were then cooled to room temper-ature. Ten microliters of alkylation solution (0.5 M Iodoacetamide, 100 mM ammonium bicarbonate) was then added to the reduction solution, and gel slices were rocked for 30 min in the dark. Gel slices were equilibrated by vortexing in 500 l 100 mM ammonium bicarbonate for 30 min, followed by aspiration and then addition of 500 l 50% Acetonitrile/50 mM ammonium bicarbonate for 30 min. This solution was removed, 50 l 100% acetonitrile was added, and 
Immunoprecipitation
Embryo extracts were prepared by crushing 500 l 0-3 hr or 0-8 hr embryos in Extract buffer (see affinity purification) with a glass homogenizer at 4°C. Extracts were cleared by spinning two times at 15,000 × g at 4°C in a microcentrifuge. Extracts were precleared with 15 l protein A beads (Amersham), which were recovered by centrifugation at 5,000 × g for 1 min and discarded. Five micrograms of rabbit polyclonal anti-dWee1 antibody [8] was added to the precleared extract and incubated for 1 hr at 4°C. Fifteen microliters of protein A beads were then added and incubated for another 1 hr at 4°C. Beads were recovered by centrifugation as described above, washed three times in extract buffer at room temperature, and then boiled in 1× SDS-sample buffer (see Affinity Purification of HA-dWee1). 
Electrophoresis and Western Blots
